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SUMMARY

An investigatlon was conducted to determine, for one representative
hull form, the effect on some of the asrodynamic characteristics of
systematlic variatlions in the shape and disposition of the chines at and
neayr the bow and in the depth of the step, The parent hull was of con—-
ventional design (length-beam ratio equal to 6,7) and had a depth of
step equal to 8 percent of the am., The Investigation was conducted
at a Reynolds number of 6.% x 10° based on the model hull length and all
the tests were made with the hull attached to a wing which completely
spanned the tunnel.

An gnalysls of the results obitalned at an angle of trim which corre-
sponded to the assumed high-speed attitude of the hulls ( v = —-0,2°)
showed thet the drag coefficient based om hull frontal ares of the
"parent"” hull was 0,090, Although the verilations in the lines of the bow
in general had only a small effect on the drag coefficilent of the hull, a
reduction in drag equal to 9 percent of the drag of the parent hull could
be obtained by using a slender bow (profile view) incorporating a chinse
Talred to conform more closely to the directlon of the air flow at the
bow, The drag coefficient for the hull with deep steps, 12 to 16 percent
of the beam, was the game as that for the parent hull., The drag coef-—
fisient for the hull with a step depth equal to 4 percent of the beam
wag 20 percent less than that for the parent hull; and complete elimi-—
natlion of thls step, except for the chine flare, produced no further
reduction in the drag. A compromise arrangement consisting of an aux—
iliary longitudinal step and a shallow lransverse step (4 percent of the
beam) produced a hull which had 1k percent less drag than that of the
parent hill and was belleved to be hydrodynamically practical, Rounding
a part of the forebody or afterbody chines of the parent hull, either
separately or together, produced the same (18 percent) decrease in the
drag coefficient, The elimination of the sharp chines, the step, and
the small discontlinuity caused by the forebody chine flare reduced the
drag coefficient of the parent hull by about 30 percent, One—third of
this total reduction In drag is attributable to the elimination of the
sharp chines whereas the remaining two—-thirds is due to the elimination
of the step,
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INTRODUCTION

The aerocdynamic drag of hulle is an exceedingly lmportant factor
in the design of flying boate because of ite in®luence on the param-
eters which determine the range and pay loed and also because this drag
hag an importent effect upon the maximum speed. For this reason,
investigations of large scope have been conducted by the National
Mvisory Comnittee for Aeronautics to determine the drag reductions
that can be obtalned by the aerodynemic refinement of flying-bosat
ulls, OSome of these investigations previously reported included tests
of conventional hulls of length-beam ratlios from 6 to 15 (reference 1),
tests of planing—tail hwlls developed by the NACA (reference 2}, and
tests to determine the effect of aerodynamic refinement on the drag
characteristics of a conventlonal hull having a length—beam ratlo of 9
(reference 3).

The present series of tests, conducted on a conventional hull of
length-beanm ratio of 6.7, were made to determine the effect on aerody—~
namic drag of systematic variations in the shape and disposition of the
chines at and near the bow, in the depth of step, and In the chines
rounded on both the forebody and afterbody hydrodynamic surfaces, The
varlations were made In such e menner that the results would indicate
the Importance of the drag of the bow, the step, and the sharp chines
in relation to the over-all hull drag.

The "parent” form of the series was a mll modeled after that of
a large, modern flying boat., The investigation was conducted in the
langley two~dimensional low—-turbulence tummel which is described in
reference . All tests were made at a Reynolds number of 6,4 X 1
based on the hull length, Although some of the hull configurations
investigated were Impractical designs from hydrodynamic considerations,
the tests were made to determine if the reduction in drag would be
sufficiently large to warrent, for example, the lncorporation of some
auxllisry device such as a retracteble step or retractable chines to
roduce a hydrodynamically praectical hull,

SYMBOLS
cr 11ft coefficlent (-
qS
Cn pitching-moment coefficlent Eg:)

Cp drag coefficient (EDS')
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CDF frontal-erea drag coefficient for hull including
D D
Interference effect of mounting wing g .4
aSg
o angle of attack measured between wing chord and air
stream, degrees
T sengle of trim of hull measured between hull base and
air stream, degrees
c wlng chord, feet
q dynamic pressure, pounds per square foo;o (%pv2>
s wing area,square feet
Sp hull frontal area, square feet
R Reynolds number based on model hull length
o] mass density of air, slugs per cubic foot
v air velocity, feet per second
L 1ift, pounds,
M pitching moment, foot—pounds
D drag, pounds
Subscripts:
c wing-hull combination
w wing alone

DESCRIPTION OF MODELS

The model had a normal depth of step equal to 8 percent of the beam
and the length—beam rabio was 6,7. A three-view drawing of this basic
model and a table giving model dimensions are shown in figure 1,

In order that changes 1n the model configurations could be easily
made, the hull was assembled in 3 sectionst <+the upper hull, the forebody
hydrodynzmic surfaces, and the afterbody hydrodynamic surfaces which also
included the tall extension (fig. 1).
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The offsgets for the upper hull are given in table I, The dimenslions
of the canopy and a sketch illustrating the various hull dimensions are
given at the end of the table,

Although the tests of the varilous forebodies were made primarily to
detect the effect of changes iIn the chine lines near the bow, the keel
shape was also modified in order that the serles of bow shapes would be
related and would represent practical hydrodynamic designs, The bow
shapes investigated are shown in figure 2 and the offmete are presented
in table IT. The cross—sectional views at station 5,13 (fig. 2) are
typical of the cross sectlons from the forward perpendicular to
stetion 12.75. Hach of the bow shapes hed the same over—all plan form
end was identicel in cross section from station 12.75 to the step.

In order to maintain the same frontal area of the hull for all
model configuratlons, the depth of step was variled by displacing the
afterbody planing bottom vertically, The offsets for the wvarious
afterbodies thereby produced are presented in table III. Two of these
afterbodles, the one used for the tests with O percent depth of step
and the one used for tests with 16 percent (of the beam) depth of_step,
are shown In figure 3, This figure also shows that this method of
varying the depth of step necessitated the refairing of the sides of
the hull (see cross—sectional views at stations 33.75 and 41.25) and a
part of the tall extemsion; but since the vertical sides are simply
straight tangential lines comnecting the chine and the upper hull, all
afterbodies had comparable and related falrings., Some additional tests
were made with an auxiliary longltudinsl step attached to the forebody
planing bottom, as shown in figure k,

The offsets for the parent hull (model with 8 percent depth of step)
with the forebody and afterbody chines rounded near the bow and sternpost,
respectively, are presented in table IV and photographs of these chines
are shown in figures 5(a) and 5(b). The offsets for the model with
chines rounded over the entire forebody and afterbody hydrodynamic
surfaces are preesented In table V and photographs-of this configuration
(model with O percent of the beam depth of step) are presented in
figures S5(c) and 5(d). The offsets for the afterbody (table V) also
include ordinates for an afterbody falring strip immediately aft of the
step. This fillet is necessary to falr out the small step-like discon—
tinuity in the chines that is caused by the sdded flere of the forebody
planing bottom.

The wing was set at an incidence of h.3° to the hull base line,
had a chord of 14,08 inches,and was of the NACA 63,4420 airfoil section
(ordinates for alrfoil given in table VI). The wing completely spanned
the tunnel test section except for 0,03-Inch gaps which were necessary
to avold foullng between the model and the tunnel walls,
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A convenient method of designating the various model configurations
was devised in order to simplify their identification throughout the
rest of the paper. Since the parent hull model was derived from the
offsets of lLengley tank model 164, the seme series number was retained
as the Pirst part of the designation for the present serles of hulils.
In the remaining part of the designation, the letters F and A
followed by numbers designate the particular forebody and afterbody
which was used to form the complete hull, The followling table glves
the basic model configurations which were Investigated:

Model or hull Model configuration
desi tion
seene Forebody Depth of step
shape number (percent beam)
164-F1-A8 F1 8
&1 6h-F2-A8 Fo 8
164-F3-A8 F3 8
164—Fh-A8 Fh 8
164-F2-A0 o 0
164-Fo—ak o y
164—-F2-A12 2 12
164-F2-A16 72 16

&Parent hull,

Any modiflcations of the basic configurations are described with a
statement; for example, "model 164-F2-A8 with chines rounded near the
bow" or "model 164-Fa-pAl with an suxiliary longitudinal step,"

PROCEDURE AND TESTS

Since bow doors, turrets, and surface roughness would limit the
extent of laminar flow over the wing and hull of a full-scele flying
boat, transition strips of 0,0l-inch carborundum grains were shellacked
to the model to simnlate the effect of such dlscontinuities in wing and
hull contours, The transition strip on the hull (fig. 1) was located at
a point 5 percent of the hull length aft of the bow of the hull and it
was 0,50 Inch in width, The transition strip on the wing, also shown
in figure 1, covered the leading edge and the first 8 percent of both
surfaces,

Lift, drag, snd pitching-moment messurements were made on a
three—component talance for the wing alons and for each of the wing-
hull configurations. All the 1ift and the drag coefficients obtained
from these tunnel tests were based on the model wing ares of
3.52 square feet, The pitching-moment coefficients were based on the
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wing chord of 1.173 feet. The drag coefficlents of a given hull plus
the wing-hull interference effects (hereinafter referred to simply as
the drag of the hull) were obtained by subtracting, at any given angle
of attack, the drag of the wing alone from the drag of the wing-hull
combination. The dreg coefficient for the hull was then converted
from a coefficient based on the wing areas to & coefficlent based on
the frontal sresa of 0,44k square foot.

The investigation was conducted in the Langley two—-dimensional 1ow—
turbulence tunnel at a Reynolds rumber of 6.4 Xx 106 (based on the model
hull length of 5.015 ft) which corresponded to a dynamic pressure of
53 pounds per square foot, Inasmich as the corresponding Mach number
of 0,19 was relatively low, no corrections for the effects of com—
preossibility were applied to the data., All the asrodynamic character—
istics were obtained over & range of hull trim angle from -10° to 109,

a considerably grester range of trim than is ususlly encountered by a
full~sgcale flying boat,

TURNEL CORRECTIONS AND ACCURACY OF DATA

The corrections for the wind—tunnel wall effects were masde by the
following edquations:

1.141q?

q =
o = 1.005!
Cr = 0.990CL!
Cp = 0.995Cp!
CM = 0.995Cy*

The constants which are used were obtalined by the method described Iin
reference 4 and the primed symbols represent the values measured in the
tunnel.

The probable error in individusl test points as determined from
check tests, conasideration of the sensitivity of the measuring instruments,
and departure of polnts from the falred curves 1s estimated to be wlithin
the following limits:

Over the straight part of the lift curve:

CL e ® & % e 8 ® & e 6 s 4 " ¥ ® s ® e e s s & e o =8 ¥ s * s . to.oo?
CDF . . . . ¢ L] . L] . . . L] . . . . . . . . L] . . . . - . . L] L] io.ooll'j
CM e o & 5 o & ® ® & @ e 9 & ® e @ & 2 s & e e P e E w s e io.ool

Qy BOFZ « ¢« ¢ ¢ ¢ o 3 s = s 4 e s e et e s s e e s e e e« 10,05
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Neer maximum 1ift coefficient:

CL s o . ® o o e o o o o e & o o . . ® 9 e o o & e o & e o iO . 008
CDF ® o & s o ¢ o * e * e o o @& o o . e o ¢ o o e o o o . * e :t O . 00}'}8

CM ¢ e e & 6 8 & 6 © e 8 e S & & 4 e+ 6 & & o & 8 & 2 o © e = i0.003
CL, d-es . . . . . . . . - - . . Y - . . - . . L'y . . L) - . . o' - io.o5

RESULTS AND DISCUSSION

The serodynamic characteristice for the wing alone and for the wing
with hull 16L4L-F2-A8 (parent hull) are presented in figure 6 to show the
changes in the 1ift, drag, and pltching—moment coefficlents due to the
presence of the hull, Similar 1ift,drag, and pliching—moment curves for
the other conflgurations are not presented because no new effects are
shown. The figure shows that the presence of the hull decreased the
1ift coefficients over the range of low to moderate angle of attack
(o = 0° to @ = 8°) but increased the lift—curve slope and 1ift coef—
ficients at angles of attack above 8.3°, This increase in 1lift and 1lift—
curve slope at high angles of attack combined with the increase 1n the
maximum 1ift coefficlent obtained with the model of ths wing-hull combl-
nation Ilndicates in general that the presence of the hull had a favorabls
effect on the 1lift.

The additlon of the hull to the wing causes the increment in drag
coefficlent to decrease as the angle of attack is increased 1in the positive
direction. An examination of the tuft-—survey skeiches in figure 7 shows
that the alr flow over the wing-hull combination improves steadily as the
attitude of the model 1s increased from low negative to hlgh positive
angles of attack. The higher 1lift—curve slope, the greater maximum 1ift
coefficient, the smallsr incremenial rise in drag coefficisnt, and the
smoother flow of air over the hull indicate that the wing—hull inter-
ference effects are favorable at these high angles of attack and that
the hull has soms 1lift. These favorabls interference effects are shown
by the occurrence in Figurs 8 of extremsly low hull drag coefficilents
at relatively high hmll trim angles. These Tavorabls effects are obtalned
only for this one partlcular angle of incidsnce betwsen the wing and hull,
and similar results should not be expected 1f the angle of incidence is
changed or if the wing 1s located at a different position on the hull,

An examination of the pitching-moment curves (fig. 6) shows that
the addition of the hull to the wing lncreased the value of the negative
pitching-moment coefflicients at low to moderate 1lift coefficlents but
has little or no effect upon the pltching-—moment coefficlents at high
values of the 1lift coefficient; thus, the addition of the hull spparently
causes the pitchlng-moment curve to assume a positive or adverse slope.
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Effect of bow shape on drag.— The effect of bow shape on the drag

characteristics is presented in figure ¢. An anslysis of the results
shows that at an engle of trim of —0.2° (the assumed_trim angle of the
hulls in high—speed level flight), hull 164~F1-A8 hed the lowest drag
coefficients of any of these hulls, Hull 16L-F1—A8 had a slender bow
incorporating a chine faired to conform more closely to the direction
of the air flow at the bow. The reduction in drag coefficlent obtained
by use of this bow shape amounted to about 9 percent of the drag of
ll 164—F2-A8 at this seme trim angle, The drag coefficlents of bow
shepes F3 and F4 (mll 164~F3-A8 and hull 164—-Fi-AB, respectively)
were approximately the seme as the drag coefficient of 0.090 (at T = —0.2°)
. which wes obtained with hull 164—-F2-A8, An examination of the curves

at a trim angle of 1.,7° (the assumed trim angle of the hulls far cruising
speed in a level flight condition) shows that the drag coefficients
obtained with all four of the bow shepes were about the same, Although
variations in the lines of the chine have only a small effect on the
over—ell drag coefficient of a hull, some reduction in drag at the high-
speed attitude can be realized by use of a chine of the type designeted

as "bow shape F1" in figure 2.

The effect of depth of step on drag.~ An examination of the datse

(figs. 10 and 11) obteined with hulls 164-F2-A0, 164-Fo-pk, 16h-F2-A8,
16L—F2-A12, and 16L—F2-A16 shows that throughout the assumed r of
trim for high-speed and cruising flight conditions, —0.2° to 1.7°, the
greatest variations in the dreg coefficients were obtained by decreasing
the depth of step from 8 to 4 percent of the beam. Contrary to

general belief, these results show that the drag coefficients within

the flight range of trim do not vary proportionslly with changeas in the
devth of step of the hull. The decrease in drag coefficient which vas
realized with hull 164-F2-Ak or hull 164-F2-A0 over that for hull lGhéFe—AB
emounted to approximately 20 percent at the high—epeed trim engle of —0. 20
and to about 13 percent at the cruising-speed trim engle of 1.7°.

Although the lowest drag coefficlents were usually obtained with
hulls 164~F2—Alk and 164L-F2-AO0, they could not be used on an actusl flying
boat because normal ventilation of the step could not be obtained; and
as a result the hulls would have excessive water resistance and very
poor hydrodynemic stability characteristics, Results of hydrodynamic
tests of several shallow step hulls (see p. 18 of reference 5) have
shown, however, that satisfactory hydrodynemic stabllity characteristics
could be obtained from such hulls provided that they were fitted with
an auxilisry longltudinal step attached to the forebody immedlately
forward of the step, For this reason, the serodynemic effects of
adding an suxiliary longitudinel step to hull 164-F2-Al were determined.
These results are given in figure 12 and show that the auxiliary longi-—
tudinal step.increased the drag of this hull by-apnroximately T percent
at both the high—speed trim angle of -0, 2° and the crulsing-epeed trim
angle of 1.,7° The drag coefficients of this modified hull_were, however,
still aprreciably lower (about 14 percent at T = —0,2° and 6 percent st
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T = 1.7°) than those coefficients obtained with hull 164-F2-A8. Thus,

the foregoing results indicate that a compromise arrangement consisting
of an auxiliery longitudinal step and a shallow transverse step (L percent
of the beam) would provide the designer with an arrangement which would
allow an appreciable reduction in asrodynamic drag without the hydrody—
namic disadvantage of the shallow step.

The effect of rounded chines on the drag.—~ The results obtained

from tests of hull 164L-F2-A8 with the chines rounded near the bow and
sternpost are presented in figure 13. An examination of the results
shows that rounding only the forward part of the forebody chines

(fig. 5(a)) reduced the drag coefficient of the parent hull by about

18 percent st & trim angle of —0,2° and by approximately 12 percent at

a trim angle of 1.,7°, The figure shows also that rounding the chines

in the vicinity of the sternpost (fig. 5(b)) produced spproximately the
same reduction in the drag cocefficient, Combining both of these modi-—
fications, however, gave no further decreases in drag within the experi-—
mental accuracy of the deta. A comparison of these results with the
date obtained for hulls 164—F2-Ah and 164-F2-AO0 (fig. 10) shows that
within the flight range of trim, rounding an appropriate part of the
chines produced essentially. the same reduction in drag coefficient that
could be obtained by ccmpletely eliminating the step of a sharp chine
hull. TFrom these results it seems possible that a favorable aerodynamic-—
hydrodynamic compromise might be made, therefore, by rounding only the
forward part of the forebody chines. Some form of a sharp, light—
weight, retractable chine would, however, have to be incorporated into
a hull of this shape to control the spray at low speeds when the hull
acts as a displacement craft,

In order to determine the reduction in drag coefficients which
could be obtained ty completely eliminating the sherp chines, the step,
and the chine flare of the forebody planing vottom, a series of testis
were conducted on hull 164-F2-A0 shown in figures 5(c) and 5(d). The
results obtained are presented in figure 14 together with the drag
curve for the parent hull with sharp chines and for the hull with O percent
depth of step and the sharp chines. The figure shows that the elimi-—
nation of all sharp discontinulities decreased the drag coefficients of
hull 164—-F2-AO0 throughout the entire range of trim which was investigated.
A comparison of the drag ccefficients obtained with hull 164-F2-A0
when all sharp discontinuities were removed with those drag coefficients
obtained for the parent hull 164—F2-A8 shows that hull 164-F2-A0 produced
drag ccefficients which were about 30 percent lowser at a trim angle of
—0,2° and approximately 26 percent lower at a trim angle of 1.7°, An
analysis of the results shows that at a trim angle T = -0.2°, approxi—
mately one—~third of the 30-percent reduction in dreag is attributable to
the elimination of the sharp chines and that the remaining two—thirds is
attributaeble (see effects of changes in the depth of ster on drag) to
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elimination of the step. At a trim angle T = 1.7°, one-half of the
26-percent reduction in drag is attributable to elimination of the
chines and the remaining part is a result of elimlnating the step.

These test resulis serve to evaluate the galns that can be obtained
with an ideallzed configuration which is very poor hydrodynamically.

Any attempt to realize these drag gains on a practical flying boat

would require the use of relatively complicated devices, such as re—
tractable chines, retractable steps, and perhaps forced step ventilation
to achieve good hydrodynamlc characteristics.

Comparigons with other hulls and a body of revolution.— A comparison

of the drag coefficients of several of the l6l~series hulle with results
obtained from tests of other hull forms and from testis of a streamline
body of revolution (fineness ratio 5) are presented in figure 15. All
the curves shown in this figure were obtalned from tests with transition
fixed near the bow of the models and all the coefficients include the
interference effects of the mounting wing. The figure is intended to
show the difference between the present hulls and the other hull forms
and to bring oub more clearly the reductions in drag coefficient which
can be obtalned by partly or completely eliminating the sharp chines and
the transverse mein step of 2 normsl hull., It should be noted, however,
that strict quantitative compasrisons of the values obtained for the
present hulls with those obtained for the other hull forms cannot be
nade because of the large differences in the Reynolds numbers and .the
great variation in the interference effects (see p. 9 of reference 6)
which arise from the use of supporting wings of different chords, plan
forms, and airfoll sections, An examination of the resulis obtained for
the pareni hull 164-Fo—-A8 ond hull 213 (reference 1) shows Lhat the drag
of the parent hull was approximately 5 percent lower at 7 = -0, 2% than .
the dreg of hull 213, a sim’larly shaped hull of about the same length-
beam ratio, BSince the drag coefficlent of the parent hull is lower for
a lower value of the Reynolds number, the differences in the drag coef-—
ficiente may be attributabls to some slight differences in the Initial
* degrees of aerodyunamic cleanliness of the hulls and to the Fact that
the interference cffects of the different supporting wings were provably
more favorabls for the case of the parent hull 164-F2-A8, A comparison
at the same angle of trim shows that the drag coefficlent of hull 164—-F2-A8
wag about 13 percent higher than the drag coefficient for the similarly
shaped Bughes—Kaiser hull (reference 7) previously tested in the same
tunnel. The greater part of thls variation in drag is probably attribut—
able to differences in the Reynolds number and to the type of mounting
wing used; buf{ some of this large difference in the drag is attributable
to the fact that the Hughes—Kaiser hull, designed primarily for low drag,
wag a much cleaner hull from serodynamic considerations.
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These results presented in figure 15 show that the drag coefficient
of 0.090 at T = 0° for hull 164-F2-A8 was about 77 percent greater (at the
seme” trim angle) than the drag coefficient of 0.050 for the streamline body
of revolution tested in reference 8. A comparison at the same angle of
trim shows, however, that rounding a part of the forebody chines near
the bow reduced the drag coefficient of hull 164-F2-A8 to a velus of
0.073 which was only 46 percent higher than the drag coefficient obtained
for the body of revolution.

If more radicel changes in hull design such as the use of full—
length retractable chines and retractable steps are acceptaeble, the
drag of the hull of conventlonal shape can be reduced still further, as
evidenced in figure 15, by the drag coefficient of 0.063 at T = 0°
obtained for hull 164L—F2-A0 when all sherp discontinuities were removed.
This drag coefficlent for the faired hull is still about 25 percent
higher than the drag coeffilicient of the body of revolution, but is
approximately the lowest drag that can be obtained from this type of hull
without completely rounding the bottom or altering the shape of the taill
extension. Since the greater part of the drag coefficlent (fig. 15) of
the body of revolution is skin—friction drag, any further sizable re—

ductions in the drag of flying-boat hulls can be obtained only by reducing
the amount of hull surface aresa.

SUMMARY OF RESULTS

An investigation, conducted at a Reynolds number of 6.4 X 106 based
on hull length, wae made to determine the effect on aerodynamic drag of
gystematic variations in the shape of a flying—boat hull. The parent
hull was of conventional design (length—beam ratioc equal to 6.7) and
had a depth of step equal to 8 percent of the beam. An analysils of the
results obtained at an angle of trim which corresponded to the assumed
high—speed attitude of the hulls (T = —0.29) showed that:

1. The drag coefficlent based on the hull frontel area of the
parent hull was 0.090.

2. Although the variations in the lines of the bow in general had
only a snmall effect on the drag coefficient of the hull, a reduction in
drag equal to 9 percent of the drag of the parent hull could be obtained
by using a slender bow (profile view) incorporating a chine faired to.
conform more closely to the direction of the air flow at the bow.
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3. The drag coefficient for the hull with deep steps, 12 and
16 percent of the beam, was the same as that of the parent hull. The
drag coefficient for the hull with a step depth equal to % percent of
the beam was 20 percent less than that for the parent hull and complete
elimination of the step, except for chine flare, produced no further

reduction in drag.

L, A compromise arrangement consisting of an auxiliary longitudinal
step and a shallow transverse step (4 percent of the beam) produced a
hull which had 1% percent less drag than that of the parent hull and was

believed to be hydrodynamically praectical,

5. Rounding a part of the forebody or afterbody chines of the parent
hull, either separately or together, produced the same (18 percent)
decrease in the drag coefficient,

6. The elimination of all the sharp chines, the atep, and the small
discontinuity caused by the forebody chine flare reduced the drag coef-—
ficient of the parent hull by about 30 percent, One—~third of this total
reduction in drag is attributeble to the elimination of the sharp chines
whereas the remaining two-thirds ls due to the elimination of the step.

Langley Memorial Aeronautical ILaboratory
Kational Advisory Committee for Aeronautics
Langley Field, Va., November 18, 1947
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TABLE II

Bow shape Fl

OFFSETS FOR THE VARIOUS BOW SHAPES

[A11 dimensions are given in inches ]
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TABLE IV

NACA TN No. 1576

OFFSETS FOR THE PARENT HULL WITH THER FOREBODY AND AFTERBODY ROUNDED NEAR TEE BOW AND STERNPOST
[411 asmensions are given in inches]

P b
(Bowozgn;:yFZ)
Distanoce Iool of ocenters end arc readil
aft of Above | Out from | Radius
atatlion base center of
0 line 1line arc
8.1.3)
-.é% 5.53 =0.40 .00
- .21 -.16 1.00
] .O%. + 0 1.00
.38 .2 .19 1.00
1.2g L.61 .30 .9
2,2 h.zg .83 .g%
375 3T 1-85 .
2.15 2,26 1.80 .62
.79 2.67 2.33 3
8.25 2.2) 2.69 «19
9.75 1.85 2.95 .09
11.2; 2]
iﬁ:z Sharp chines are maintained
15_7g from station 11.25 to
13.22 station 22.75
18.4
20,
B

Base line ‘WM

Sporwerd perpendioular.

Step.

Afterbody

(Model with 8 percent depth of step)

Locl of centers and ere radil
Digiange
stebich | Aboye | O from | Rattus
0 line line aro

ag2,75 Sharp chines are maintained
23,25, from statien 22.75 to
2§,35 statlon 26.25
26 .25 o}
27.25 2.22 %.18 .06
29,25 2.21 2.96 .19
30.75 2.61 2.6, .36
22.25 2.%% 2.2 .58
] .Z5 2. 1.8 76
AR
3812 %.26 i1 1.00
ﬁ?'lg 3.27 . 1.00
Bl B |
bh3:Z9 : ) 1.00
tep.

bsternpoat.

.~ Center line

Variable
radius

Bage line N\

,—Center line

Variable
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TABIR V

OFFSET3 FOR THE MODEL WITH O FERCENT DEPTH OF STEP AND WITH ALL DIBCONTINUITIES REMOVED

[£11 dimensions ere glven in inchss]

Afterbody
. (B.,f."’ﬁﬁﬁg‘:’m (Model with O peroent depth of step)
Loous of arc centers Ioaus of arc oenters |Buttook lines for chine |Ohine
t
D:;tmo;e Above |Out from | Radius D:if-?;&gg" Xbove [Ouf from | Hadius| feairing on afterbody |above
Btagm base | centor of '“310!: }“i;: “ﬁf‘:’ agg 0.50|1.00[1.502.00{2.50 [}57%
[} ;mg aro
a;, 23, .82 | 2.78 1.00 |0.2010.38]0.56}0.70] 0.82|0.53
- 531 -0.40 1.00 2 Z_ .89 | 2.38 1.00 .;3 I’% .20 .;6 -89 1.35
- 21«16 1.00 Eg. 2,10 | 2.36 1,00 | . . gg .92]1.09 1.?3
] 012; . 1.00 26.25 2,2, | 2.2% 1,00 | .52 .?0 .88[1.06{1.25]1.
38 22 .1 1..00 27.75 2, 2.2, 1.00
1.2% h. A 1.00 29, g 2 2.15 1.00 This fairing 1s
2,25 L. 30 .7 1,00 20.7 2, 2,02 1.00 neceasary to fair
3. 3 1. 1.00 . 22.2; 2. 1.8 1.c00 out the chine flare
..713 3.2% 1.2 1.00 3. T 2. 1.6 1,00 of the forebody for
2. 9 % 1.70 L1.0Q0 35,2 2. 140 1.00 | this model conflguration
B.Z 2.8% 1.39 1.00 ] Z 2,71 111 .| 1.00
9.73 2. 2.02 1.00 . 2, g .79 1,00
u.zg 2, 2.1 1.00 33'7 2, . 1.00
J.a.z 2, 2.2;: 1,00 .2 2,71 01 1,00
.25 2.1 2. 1.00 bhz.z 2,87 -Js 1.00
%15*.15 2. 2. 1,00 3. 1.00-
]l_g. a.ga 2. i 1.00 By
. 1' 205 1-00 b tap'
20,25 1. %. 2.% i..gg Sternpost.
21, 1. 2. . .
gt | i 2.58 1.00 IRA
orward perpendiculer.
Step.
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NACA TN No. 1576

TABLE VI
ORDINATES FOR THE NACA 63,4-120 AIRFOIL
[Stations and ordinates are_gilven 1in
percent alrfoll chord
Upper surface Lower surface
Statlon | Ordinate Station | Ordinate
0 0 0 0
.ugo 2.196 1.070 -1.916
807 2.82 1.61 -2.399
h 538 2-55; 5.462 | -4.293
.02y -g9 1.976 | =5.097
526 7.817 10. 7% -5.749
2 9.42L 15.40 -6.7%2
10.58 20.%97 -T.40
2 663 1. - 25.33 :3.83
23.552 11.895 30.26 .007
31 .803 12.036 5.19 -7.916
o&ZLL ll. 06 0012 - .622
sz9 0| 1l1.556 L5.060| -7.176
50.000 11.025 50.000 -6.613
efE | N | el s
70.1 Z' 3 63.8 2| -3.550
0.150 h.9go g 8501 -1.806
90.0 2.379 89.906 -.311
95.047 1.131 94.953 133
100.000 0 100.00 0]
L.E. radius: 3.16
Slope of radius through L.E.: 0.168

'

%r—Chord line




Node). dimensions

9LET "ON KL VOVH

Wing :ﬂ:n 6.00 Inohos
Wng rd 08 inches
Bull lan& 60.18 inches
Maxiwon 6.76 inohes
Maxienm halght 1. inthas
Depth of step 0.5 inoh (8 parcent of besa)

Length-besm ratio of
hydrodynamic surfaces 6.7

A

-

¥ .
Buppoxt péint, 25-perasnt-shord otation of airfoll

maition strip

Wing incidence, 4.3° -~

/"\—rmi.ns lines

X
[]
L}
1
1
1

Figure 1.~ Throe-view drawing of parsnt wing-huil model.
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NACA TN No. 1576 N 25

(2) Three-quarter front view of model 164-F2-A8 with chines rounded
near the bow.

T NG
L-L9 ezl . 1

- (b) Three-quarter rear view of model 164-F2-A8 with chines rounded
near the sternpost.

- Figure 5.- Photographs of the hulls with rounded chines.






NACA TN No. 1576 ) 27

L-49837.1

(d) Three-quarter view of model 164-F2~A0 with all discontinuities
removed,

' Figure 5.~ Concluded.






Lift ccefficlents, oI’a and GL'

Pitching-moment coefflolents, cﬂo &nd C‘H'
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Steady flow —> Rough flow IR

ALr stream

Alr stresm

ALy stream

—_—

Alr stream

- =

NACA TN No. 1576

Intermittently separated tlw Beparated flow

Figure T.- Sketches showing the character of the air flaw over the hull and wing of

model 164-F2-a8
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3teady flow Rough flow =<4 R © Intermfttently separated rlov Separated ﬂ.o'
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Alr stream
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USSR -,

Alr streen

e = 10.3°, T= 6°

—

A —

Flgure T.- Continued, ¢
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Steady flow —»> Rough flow 7R Intermittently separated flow p¥i;
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Drag coefflclent, ODF

.2 \

1]
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~12 -8 4 0

Hull trim angle, 7, deg

Pigure 8.~ Drag aheracteristics of the huli alone. Hull 164 ~F2-A8;

R = 6., x 105,

L

8

D ocoefficlant, C.
TRE » O

Holl trim sngle, 7, dog

Pigure 9= The affect of how shape on the drag characteristiocs

of the l6l-serios hulls. B = 6.0, * 107,

B2
Huil configuration
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2 ey
A 14 Fh-a8
2l X
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16 |
)
w12 - - !
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Drag coefficient, GDF

HE

v
Y
.28
.2y X 37
W ~
' . Hull copfiguretion |-
L 20 e
g 16)-F2 .
164-F2
A 16)-F2-A12
VW 16l-F2~418 . | ;
.16 ; ‘F .G& /
J ‘-I: Zr’-" I h
; 3 - =
Hl 3 4 — b/
1l g 4
I & Hull trim angle
; -] {aeg)
] @ -0
o X B E ! a =0.2
’ ; Y N e 197 1
A b0
D
-w. l }—‘*‘—E w i
'v"‘l‘j W—ﬂ
L] . L L1
Tl trln angle, 77, O Depfh of stop In peroent of the besm
Figure 10.~ 'The effect of step depth on the drag charasteristios Figurs 11,~ The dreg characteristios of the 16!}-1‘2 series hulls plotted

of the 16k-zeries hulls. R = 6.k x 105. #5 a function of the depth of step. R = 6y x 10°,
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Drag coefllolent, ODF

W32 . 32
Hul) configuration
Porebody ohines  Afterbody ohinea
— Sharp
S " © Rounded nesr bow Sharp
-0 -2 a Sharp Rounded near aternpost
<i © Roundad near bow Rounded noar Aternpost
-2}-} .ﬂl
\ J
\ Hull configuration
.20 o 16)-ra-ih . .2 :
B Lb6l-r2- with longitudine] step \
¢ 16L-p2 _ é:\h'
-‘
.16 :’“ % .6
v wl
o _
: L\
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| p 12 f
| E I
. "B i
o dod | ~— ,
.08 AT : .08 -
| 0 . a | .\ \J‘
@ =
Oh : [ O
W - : 7y |
. R | |
-12 -8 =4 0 b 8 12 12 -8 % 0 L 8 12
Bl trim englu, 7, dog Hull trim engle, 7T, deg
Figure 12.~ The affect of an auxiliery longitudinal steop on the dreg
characteoristios of hull 16}-F2-Al and & comparison of the drag of Figore 13.« The effsot on the drag charsoteristics of rounding
this hull with that of hul} 18)-F2-a8, R = 6.4 x 106_ tha o8 near the bow and atempoat of hull 16}~F2-A8 .

R = 6.3 x 206,
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Drag coefficient, OCp
P

NACA TN No. 1576

52
Hull configuration
© Sherp chlnes and forebody chine flare
) All sharp discontinulties removed
.28 \
- iL\\\
N
FERN
X\e ,
| —~Hul1l 16,-F2-2A8 (parent ,",
hull with sbarp chines) U]
012 ul ' t i
f 1’
|
D WL |
\% N JIl
~ i
N X
.08 A -.\ - \j \ll],
vy !
Nei3
. |
-12 -8 =i 0 L 8 12
Hull trim angle, 7, deg
Figure ll.- The effect on the drag characteristics of eliminating

all ‘the sharp discontinuities on hull 164 ~F2-A0.

R = 6.0 x 106.
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Hull dreg ccefficient,
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Figure 15.- The drag characteristics of several 16li-series hulls as compared with

other hull forms and a stresmline body of revolution.

bow of all hulls; Reynolds nmmber based on hull length.
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